P erineural spread is increasingly recognized as a relatively common mechanism of metastasis in many types of malignancies, particularly those involving the head and neck region. This mechanism of tumor spread for metastatic melanoma is well known to occur along the cranial nerves and cervical plexus. 4, 9, 14, [16] [17] [18] We describe a rare example of documented perineural spread of melanoma, arising in the mandible and extending along a cranial nerve, the cervical plexus, and into the brachial plexus. We correlate the clinicoradiological features and propose an anatomopathological explanation to support the mechanism of perineural spread in this case.
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case report

History
A 48-year-old right-handed woman presented in 2010 with a several-month history of progressive numbness, tingling, itching, and atrophy affecting the skin and muscles of the right neck. MRI of the cervical spine revealed right C2-3 and C3-4 foraminal masses (Fig. 1 left) . The patient underwent observation. Repeat MRI performed 7 months later showed spinal cord displacement at the level of C-2 ( Fig. 1 right) . The patient underwent an open biopsy-the findings of which were consistent with a neurofibromaand 1 week later, C2-4 laminectomy, decompression, and fusion. The lesion was partially resected. Postoperatively, the patient received 45-Gy radiotherapy to a field from the top of C-2 to the bottom of C-6, including the spinal cord as well as an 18-Gy boost to the right-sided upper cervical roots and nerves. Brain MRI findings at that time were normal. The brachial plexus was not imaged.
Over the next 2 years the patient had persistent cervical discomfort and progressive pain in her right shoulder and then the biceps region. Neither partial removal of the instrumentation nor steroid injections provided relief of her pain, which progressed as time passed. In 2013 she was evaluated at a tertiary care facility when she noted weakness in shoulder abduction and external rotation. Imaging now revealed plexiform lesions involving multiple cervical nerves and the upper brachial plexus. Pathological specimens were reviewed and the findings were interpreted as hybrid schwannoma/neurofibroma. The patient was thought to have a segmental form of schwannomatosis.
The patient had a history of melanoma. In 2001, she had a lesion excised from her trunk with no local recurrence. In 2004, she had a nearly 2-cm lesion excised from the angle of the right jaw, a fusion of lentigo maligna and desmoplastic types. It was invasive to Clark's Level IV 5 and Breslow's 3 depth 3 mm.The mitotic rate was 0. Local perineural invasion was evident in the specimen. Tumor was present at the biopsy margins. The BRAF was wild type. Findings from the sentinel cervical lymph node biopsy were negative.
Physical Examination
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Perineural spread of malignant melanoma from the mandible to the brachial plexus: case report muscles, including the sternocleidomastoid. The patient had a palpable painful mass in the neck, which corresponded to the course of the spinal accessory nerve. There was no cervical lymphadenopathy. Abduction was limited to 30°. The patient had Medical Research Council Grade 2 external rotation and Grade 4 elbow flexion (both biceps and brachioradialis); elbow extension was Grade 4. The patient had no trapezius activation, but other cranial nerve functions were normal. There was decreased sensation in the right neck, ear, chest, and proximal arm. Biceps and brachioradialis muscle reflexes in the right arm were absent. Percussion of the supraclavicular region produced radiated paresthesias in the shoulder and elbow regions.
Additional Testing
The patient refused an electromyography/nerve conduction study. Chest radiography showed an elevated right-sided hemidiaphragm. T2-weighted and gadolinium-enhanced MRI of the head, neck, and brachial plexus demonstrated extensive abnormality ( Fig. 2A) . The great auricular nerve and lesser occipital nerve appeared abnormal, extending from C-2 to C-4 laterally (Fig. 2B ). The right facial nerve demonstrated abnormal T2-weighted hyperintensity and enhancement involving the mastoid segment of the nerve, extending inferiorly into the parotid gland ( Fig. 2C and D) . The spinal accessory nerve was enlarged. The trunks, divisions, and cords of the brachial plexus were enlarged as well and demonstrated marked T2-weighted hyperintensity and an infiltrative pattern of enhancement, particularly of C-5, extending into the upper trunk ( Fig. 3A-C) . These findings had progressed since imaging performed 4 months earlier. FDG PET/CT scanning revealed increased linear FDG uptake along multiple cervical nerves and extending into the brachial plexus ( Fig. 3D ) without remote foci of increased FDG avidity to suggest metastatic disease.
Operation
An open biopsy was planned. The preoperative diagnosis was perineural spread of melanoma. The great auricular and transverse cervical nerves were targeted for biopsy rather than the brachial plexus to minimize the risks of a biopsy. This was based on the clinical involvement in those territories, the nerves' expendability, and the availability of a large amount of biopsy material, if necessary. Furthermore, these nerves were away from the radiated field and were known to communicate with the facial nerve. Biopsy sampling of the enlarged upper trunk was deferred so as to avoid further neurological deficit in the shoulder muscles, which were already severely compromised.
At operation, the previous neck scar (Fig. 4A ) was reopened. The great auricular and transverse cervical nerves were enlarged and had nodular expansions and a discolored appearance (Fig. 4B) . These nerves were traced proximally to the C-2 nerve and were resected (Fig. 4C) . The cervical contribution to the spinal accessory nerve was preserved, although no response to stimulation was observed.
Pathological Findings
Microscopically, the architecture of the nerve was completely disrupted, with portions of the nerve being totally replaced by tumor. There were other areas of the nerve that had been partially replaced, and there were extensive associated reactive changes that also disrupted the nerve. Morphologically, in cross-section, the tumor cells were noted to have a somewhat epithelioid appearance with enlarged nuclei containing prominent nucleoli; however, in longitudinal section the tumor cells were noted to have a spindle cell morphology with elongated and atypical nuclei. The tumor was noted to be within the nerve, expanding it, and not extending out of the confines of the perineurium. The tumor was mitotically active and had an elevated level of proliferative activity indicated by Ki 67 immunohistochemical staining. On immunohistochemical analysis, the cells were strongly positive for S100 protein and had weak focal reactivity for melan-A (Fig. 5 ) and were negative for tyrosinase and HMB-45. Pericellular collagen type IV immunoreactivity was present and only very few axons were identified within the tumor on the neurofilament stain. Findings from C-kit and BRAF600e molecular tests were negative. Based on morphology and the immunohistochemical staining profile, a diagnosis of involvement by the patient's known desmoplastic melanoma was rendered. The tumor was reviewed in conjunction with the C-2 nerve root biopsy findings and resection specimens that were obtained 3 years prior. Those specimens showed a spindle cell neoplasm within a somewhat myxoid background. There was some nuclear atypia. At that time, metastatic melanoma was considered in the pathological interpretation, but the diagnosis based on the available material favored neurofibroma. When these cases were reviewed retrospectively at our institution, the morphological features were compatible with a neurofibroma involving a nerve ganglion with nuclear atypia. However, when reviewed concurrently with the great auricular and transverse cervical nerve specimens, the 2011 material was interpreted as desmoplastic melanoma. Although only H & E slides were available for review in these cases, as seen in the current resection specimens in areas that were less involved by the tumor, prominent reactive changes had a similar appearance. In the current resection specimen, the diagnosis of involvement by the patient's known desmoplastic melanoma was most evident only in portions of nerve that were almost entirely replaced by neoplasm. A cervical lymph node was found not to have tumor.
Postoperative Course
The patient was started on combined immunomodulatory therapy with ipilimumab (3 mg/kg dose administered every 3 weeks for 4 doses) and quad-shot radiotherapy. 6 discussion Melanoma is the least common skin cancer and represents 5% of skin cancer diagnoses; however, it accounts for 65% of skin cancer-related deaths. In the last 4 de- cades there has been an alarming increase in its incidence, especially in industrial countries such as Australia and the United States. Overall, 20% of melanomas occur in the head and neck. 4, 7 The histological diagnosis of desmoplastic melanomas can be difficult. 24 An important characteristic of this type of melanoma is its propensity for neural invasion, at times with characteristics termed neural transformation, which can have histological resemblance to peripheral nerve sheath tumors, including schwannoma, neurofibroma, 20 and malignant peripheral nerve sheath tumor. 2 This, along with the location of the main surgical specimen in the dorsal root ganglion, almost certainly accounts for the initial misdiagnosis in this case. Desmoplastic melanomas are positive for S100 and collagen type IV; however, they only rarely stain with melanocytic markers such as Melan-A, HMB-45, and tyrosinase. 23 Morphologically, this tumor was not in keeping with a schwannian neoplasm. Neurofibromas would be expected to have axons present as part of the tumor. Malignant peripheral nerve sheath tumors are typically more cellular and exhibit less S100 staining.
Perineural spread has become a well-known mechanism of dissemination from different head and neck malignancies, occurring in 2.5%-5% of the cases and more commonly seen in carcinomas arising from the salivary glands, mucosa, and skin, as well as lymphomas and sarcomas. The most affected nerves in perineural spread are the cranial nerves, mainly the branches of the trigeminal nerve (especially V2 and V3) and the descending branch of the facial nerve; however, there are some reports of in- volvement of the V1 branch; cranial nerves III, VI, X, and XII; and and the great auricular nerve as well. The spread of the tumor usually follows a retrograde (toward the central nervous system) direction, meaning that the skull base, the cranial foramina, and even intracranial structures can be affected. 8, 13, 17, 18 As in this case, anterograde spread can also occur. Approximately 40% of patients with perineural spread remain asymptomatic, 18 making the diagnosis challenging. MRI is the most sensitive imaging modality for detecting perineural spread; however, the question of perineural spread of malignancy often arises in the setting of prior surgery and/or radiation therapy, which may complicate the MRI examination. The direct signs of perineural spread of malignancy include nerve enlargement, T2-weighted hyperintensity, and an infiltrative pattern of enhancement on Gd-enhanced images. In this case of perineural spread of melanoma to the brachial plexus, the involved nerves were markedly enlarged with a solid masslike pattern of enhancement on Gd-enhanced images. A peripheral thick or nodular pattern of enhancement is also suggestive of perineural spread of disease. The peripheral pattern of perineural disease may be challenging to separate from radiation neuritis by MRI alone. Subacutely and acutely denervated muscles demonstrate T2-weighted hyperintensity that may be an important secondary sign of perineural spread of disease. 10, 11 Increased avidity with FDG PET has been described in perineural spread of melanoma, but the utility of PET/CT remains unknown. 16 Currently, MRI and PET/CT are used to complement each other in the imaging evaluation of perineural spread of malignancy.
Perineural spread from melanoma in the head and neck region is well known. Chang et al. reported a series of 8 cases of melanoma affecting cranial nerves, mainly the facial and trigeminal nerves; all of the patients were symptomatic and the average time of presentation was 4.9 years after the initial diagnosis. 4 Interestingly, 62% of the cases were desmoplastic, a histological subtype known to have a tendency to invade nerves; this affinity appears to be related to a high expression of p75 neurotropic receptor that is involved in the migration of the Schwann cell to the nerve. 9, 18, 20 While regional recurrence of tumor is common because of its neurotropism, nodal metastasis is relatively uncommon, and when distant metastasis occurs, it most often involves the lung, and sometimes bone and brain. 10, 19 Two cases of spinal nerve involvement have been reported. 14, 21 There are also several cases of melanoma involving the brachial plexus but from soft-tissue nodal compression 7, 13 or an unspecified mechanism 12 rather than perineural spread. This is the first known example in the literature describing a mechanism by which perineural spread of melanoma extends from a cranial nerve to the cervical and brachial plexuses. This spread has a clear anatomical basis that can be supported based on the clinical and radiological features as well as the biopsy results. At the level of the mandible, the mandibular and cervical branches of the facial nerve are known to communicate with the great auricular and transverse cervical nerves, respectively. 22 We would not anticipate perineural spread from V3 to the cervical plexus based on the lack of neural communication across this axial line. 15 The cervical plexus (C1-4) supplies neck muscles and various skin territories and has known communications, which can explain the spinal accessory and phrenic nerve involvement. 1, 22 Brachial plexus involvement could have occurred via the right phrenic nerve (C3-5) or intercommunications from C-4.
conclusions
Perineural spread has become a recognized mechanism for dissemination of head and neck malignancies. Most of the literature discusses perineural spread from the cranial nerves to the skull base and the central nervous system. When associated with skin malignancies, perineural spread almost exclusively occurs with squamous cell cancer. Desmoplastic melanoma commonly has neurotropic characteristics, which can account for a high rate of local recurrence when initial resection does not include a wide margin and can lead in certain circumstances to diagnostic uncertainty, including mistaken identity as nerve sheath tumors. Distant metastasis occurs in solid organs and has rarely been reported in brachial plexus or nervous system sites via perineural progression. This case report demonstrates 2 important and previously rarely recognized features, and one important diagnostic message: 1) Anterograde perineural spread of tumor from the region of the mandible to the brachial plexus can occur via communications between the cranial nerves and the cervical plexus, from the cervical plexus to the brachial plexus. 2) Desmoplastic melanoma, which commonly has neurotropic characteristics, can metastasize primarily through perineural spread. This report also demonstrates an important diagnostic message: Physicians must remain suspicious when the behavior of a lesion is not consistent with an initial diagnosis.
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